Abstract.-Adaptive convergence in morphological characters has not been thoroughly investigated, and the processes by which phylogenetic relationships may be misled by morphological convergence remains unclear. We undertook a case study on the morphological evolution of viverrid-like feliformians (Nandinia, Cryptoprocta, Fossa, Eupleres, Prionodon) and built the largest morphological matrix concerning the suborder Feliformia to date. A total of 349 characters grouped into four anatomical partitions were used for all species of Viverridae and viverrid-like taxa plus representatives of the Felidae, Hyaenidae, Herpestidae, and one Malagasy mongoose. Recent molecular phylogenetic analyses suggest that viverrid-like morphotypes appeared independently at least three times during feliformian evolution. We thus used a synthetic molecular tree to assess morphological evolutionary patterns characterizing the viverrid-like taxa. We examined phylogenetic signal, convergence and noise in morphological characters using (a) tree-length distribution (g1), (b) partitioned Bremer support, (c) RI values and their distribution, (d) respective contributions of diagnostic synapomorphies at the nodes for each partition, (e) patterns of shared convergences among viverrid-like taxa and other feliformian lineages, (f) tree-length differences among alternative hypotheses, and (g) the successive removal of convergent character states from the original matrix. In addition, the lability of complex morphological structures was assessed by mapping them onto the synthetic molecular tree. The unconstrained morphological analysis yielded phylogenetic groupings that closely reflected traditional classification. The use of a synthetic molecular tree (constraint) combined with our thorough morphological investigations revealed the mosaics of convergences likely to have contributed to part of the historical uncertainty over viverrid classification. It also showed that complex morphological structures could be subjected to reversible evolutionary trends. The morphological matrix proved useful in characterizing several feliformian clades with diagnostic synapomorphies. These results support the removal from the traditionally held Viverridae of several viverrid-like taxa into three distinct families: Nandiniidae (Nandinia), Prionodontidae (Prionodon), and the newly defined Eupleridae (including Cryptoprocta, Fossa, Eupleres plus all "mongoose-like" Malagasy taxa). No clearly "phylogenetically misleading" data subsets could be identified, and the great majority of morphological convergences appeared to be nonadaptive. The multiple approaches used in this study revealed that the most disruptive element with regards to morphological phylogenetic reconstruction was noise, which blured the expression of phylogenetic signal. This study demonstrates the crucial need to consider independent (molecular) phylogenies in order to produce reliable evolutionary hypotheses and should promote a new approach to the definition of morphological characters in mammals. [Constrained analysis; convergence; evolutionary scenario; Feliformia; morphology; noise; phylogenetic signal; phylogeny; Viverridae.] As recently addressed by Wiens et al. (2003) , morphological data often have been considered as highly subjected to adaptive convergence, and thus may yield incorrect reconstructions of evolutionary history (e.g., Hedges and Sibley, 1994; Gatesy et al., 1996; Kusmierski et al., 1997; Alvarez et al., 1999; Teeling et al., 2002) . In recent years the use of morphological data has declined with the development of highly efficient sequencing techniques, (see Scotland et al., 2003) . This may be due to a decrease in the confidence attributed to morphological characters for phylogenetic reconstruction (or the time associated with the collection and definition of morphological data). The difficulties related to availability and coding of morphological characters include the assessment of homology (e.g., Pimental and Riggins, 1987; Smith, 1994; Wagner, 2001 ) and the absence of knowledge on models of evolution (Scotland et al., 2003 ; but see Lewis, 2001 ). Thus, many papers have focused on the importance of fixing explicit criteria for character selection (Patterson and Johnson, 1997; Hawkins, 2000) in order to base phylogeny on unambiguous characters and to minimize the effect of noise. However, deciphering unambiguous morphological characters ideally would require detailed knowledge of morphogenetic processes for each taxon studied, which is a condition rarely met. Currently most phylogeneticists consider morphological data most appropriately used when compared to molecular phylogenetic data. As a consequence, many empirical and simulation studies have focused on estimating the conflicts between morphological and molecular data sets (e.g., Baker and DeSalle, 1997; Baker et al., 1998; Wiens, 1998; Liu and Miyamoto, 1999; McCracken et al., 1999; Quicke and Belshaw, 1999; Lee, 2001) or between morphological subsets in a molecular phylogeny framework (McCracken et al., 1999; Gaubert et al., 2004a) .
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The question of how phylogenetic relationships may be affected by morphological convergence remains unclear. In other words, is there a way to quantitatively and qualitatively characterize convergence? A battery of explorative tests are available for estimating phylogenetic signals, levels of homoplasy, and conflicts between data (sub)sets (most of which reviewed in Grant and Kluge, 2003) . However, very few studies have focused on character-specific patterns of convergence because investigations have not been explored beyond the partition level. In this context, a first step towards detailed characterization of homoplasy was initiated by Savolainen et al. (2002) , who estimated site-by-site "phylogenetic 866 SYSTEMATIC BIOLOGY VOL. 54
informativeness" through analysis of distribution of Retention Index (RI) values.
Defining Convergence
Convergence may be one of the most cited terms in phylogenetic studies. Surprisingly, clear definitions are noticeably lacking in the most recent papers using this term, and there is little consensus in the literature on what convergence really means (see Wiens et al., 2003) . Our aim is not to review here the detailed controversy over the definitions of convergence. We follow a common point of view that convergences are shared derived similarities, which have been acquired independently across lineages during evolution. The distinction from parallelism (i.e., shared derived similarities from a closely related common ancestor) might prove arbitrary and irrelevant in practice because of the difficulty in establishing a clear threshold between closely and not closely related taxa. In addition, several definitions of parallelism are available making the distinction between this term and convergence even more problematic (e.g., Brooks, 1996; Li, 1997; Wiens et al., 2003) .
Most tests of evolutionary scenarios have focused on morphological structures related to adaptive functions (e.g., Alvarez et al., 1999; McCracken et al., 1999; Goodacre and Wade, 2001; Parra-Olea and Wake, 2001 ). However, an important part of the convergence events may not be explainable from an adaptationist point of view (Gould and Lewontin, 1978; Leal et al., 2002) . On the other hand, it is also important to consider the fact that "neutral" (i.e., stochastic) morphological convergence might be an artifact due to our own ignorance about the function of particular characters. To disregard this is likely to mislead when trying to establish criteria for detecting erroneous phylogenetic reconstructions (see Wiens et al., 2003) . Thus, we will use the term "convergence" to mean independent acquisitions of derived conditions, whether these (1) are clearly of adaptive causes or not and (2) concern character states or complex structures.
Study Group
To further explore the characterization of convergence, we undertook a case study on the morphological evolution of viverrids and viverrid-like feliformians (Mammalia, Carnivora). The suborder Feliformia offers an ideal opportunity to study morphological convergence for two reasons. First, recent works have provided crucial advances in the molecular phylogeny of the group (Veron and Catzeflis, 1993; Flynn and Nedbal, 1998; Veron and Heard, 2000; Gaubert and Veron, 2003; Yoder et al., 2003; Gaubert et al., 2004a Gaubert et al., , 2004b . This allows for a solid and independent framework to which morphological evolution can be compared. Second, the molecular phylogeny clearly identified three lineages of viverrid-like taxa, implying the independent acquisition of morphological similarities with members of the family Viverridae by the African palm civet (Nandinia), the Malagasy viverrid-like taxa (Eupleres, Fossa, and Cryptoprocta) and the Asiatic linsangs (Prionodon). Such a case of morphotypic convergence is unique within the Feliformia, and may be rare for the whole mammalian order.
The level of similarity between the "true" viverrids (restricted to the subfamilies Hemigalinae, Paradoxurinae and Viverrinae) and the viverrid-like taxa has not been clearly established. Morphological works have focused on "diagnostic" characters such as general shape of the skull, basicranium, dentition, pad morphology, and coat pattern (Ginsburg, 1961; Petter, 1969 Petter, , 1974 Hunt, 1974 Hunt, , 1987 Hunt, , 2001 Taylor, 1988; Veron, 1999) . Viverridae and viverrid-like taxa are distributed throughout tropical Asia and Africa, where they occupy various ranges of habitats, from dense rain forests to woodlands, savannah, and grassland (Kingdon, 1997; Nowak, 1999) . They have adapted to almost all possible terrestrial modes of life, from arboreality to strict ground and semiaquatic dwelling (Taylor, 1974 (Taylor, , 1976 Veron, 1999) . Such a large range of ecomorphs has been considered responsible for the difficulties in reconstructing phylogenetic patterns (Veron, 1995; Gaubert et al., 2002a) .
The viverrid-like taxa represent three distinct lineages whose dates of divergence have been estimated by molecular-based methodologies to be between the Oligocene and Miocene (Nandinia: 36 to 40 Mya; Prionodon: 32 to 35 Mya; Malagasy viverrid-like taxa: 18 to 24 Mya [Flynn, 1996; Gaubert and Veron, 2003; Yoder et al., 2003] ). The complex mixture of plesiomorphic and apomorphic traits has made the taxonomic placement for these three lineages very uncertain (see Wozencraft, 1984 Wozencraft, , 1993 .
The monotypic genus Nandinia (N. binotata) was placed in the family Nandiniidae by Hunt (1989) , McKenna and Bell (1997) , and Flynn and Nedbal (1998) and is distributed in the tropical African forests. It was traditionally considered either a peculiar member of the Paradoxurinae, the Asiatic palm civets (Pocock, 1915a) , or the representative of the monotypic subfamily Nandiniinae (Gregory and Hellman, 1939; Coetzee, 1977; Wozencraft, 1993) . Moreover, Gregory and Hellman (1939) suggested that the trenchant carnassials in Nandinia were "directly derivable from . . . [carnassials] . . . of the upper Eocene Viverravinae," thus assigning the taxon to a primitive branch antedating frugivorous specialization in Paradoxurinae. Important evidence for plesiomorphic character states and very basal affinities within the Feliformia comes from the structure of basicranium and auditory bulla (Hunt, 1974 (Hunt, , 1987 . Some external characters also make Nandinia very different from Paradoxurinae and other subfamilies of Viverridae, notably in foot pad and scent gland structures (Pocock, 1915a; Kingdon, 1997) . Molecular phylogenetic analyses have placed Nandinia as sister-taxon to all other extant feliformians (Flynn and Nedbal, 1998; Gaubert and Veron, 2003; Yoder et al., 2003) .
The three monospecific genera constituting the Malagasy viverrid-like taxa have historically been ascribed to various families of Feliformia because of their heterogeneous morphotypes. The genus Cryptoprocta (C. ferox) has been classified in the Viverridae mainly on the basis of 867 similarities in foot pad structure, palate, and basicrania (Bennett, 1833; Blainville, 1842; Gray, 1864; Flower, 1869; Petter, 1974; Wozencraft, 1989) . It has also been placed in the Felidae (Gregory and Hellman, 1939; Beaumont, 1964; Hemmer, 1978) because of its general shape of the skull, hypercarnivorous dentition, and postcranial similarities. In addition, Cryptoprocta has been related to the Herpestidae (Mivart, 1882; Pocock, 1916; Radinsky, 1975; Veron, 1995) according to the presence of an external anal pouch, a long baculum, and a well-developed sulcus cruciatus. The genus Eupleres (E. goudotii) was first described as an insectivore (Doyère, 1835) because of its skull with long rostrum and reduced sharpened teeth (Wozencraft, 1984) . It was, however, shortly thereafter included in the feliformians, but assigned to three different lineages: (1) Herpestidae, with which it shares a small paraoccipital process and lack of scent glands (Carlsson, 1911; Petter, 1974) ; (2) Viverridae, for similar foot pad morphology (Albignac, 1973) ; and (3) Hemigalinae (especially Chrotogale), on the basis of feeding adaptations (Gregory and Hellman, 1939) . Wozencraft (1984) highlighted that Eupleres exhibited plesiomorphic features resembling configurations found in marsupials (lacrimal bone and incisors) and fossil Viverravidae (molars). The genus Fossa (F. fossana) has a less confused taxonomic history because it exhibits basic structures (skull, dentition, foot pad morphology) similar to the Viverridae (Albignac, 1973) or Viverrinae (Wozencraft, 1984) . In the last two decades, the Malagasy viverrid-like taxa have been grouped in the Viverridae in the heterogeneous subfamily Cryptoproctinae (Wozencraft, 1984 (Wozencraft, , 1989 or the latter plus Fossinae (Wozencraft, 1993) . Recent DNA-based investigations supported the association "Malagasy viverrid-like taxa-Malagasy mongooses (Galidiinae)" as the sister-group of Herpestidae (Yoder et al., 2003) .
The genus Prionodon (Asiatic linsangs) consists of two species (P. pardicolor and P. linsang). They share great phenotypic similarity with the African genus Poiana, commonly called the African linsang. These shared features include the hypercarnivorous dentition, spotted coat pattern (although P. linsang is banded), body proportions, and hair ultrastructure (Gaubert et al., 2002a (Gaubert et al., , 2004b Gaubert and Veron, 2003) . Asiatic and African linsangs were first placed in the tribe Prionodontini (Gray, 1864; Mivart, 1882) , but subsequent authors considered Poiana a "primitive" genet, which had acquired a morphotype similar to Prionodon by convergence due to their common way of life in tropical rain forests (Gregory and Hellman, 1939; Simpson, 1945; Rosevear, 1974; Crawford-Cabral, 1981 . In addition, Prionodon shares similarities with both Viverrinae and Felidae (Horsfield, 1824; Veron, 1995; Hunt, 2001 ) that several authors have considered to be evolutionary convergences (Gray, 1864; Pocock, 1933; Gregory and Hellman, 1939) . Its basicranial region resembles that of the Oligocene feliformians Paleoprionodon and Proailurus (Teilhard de Chardin, 1915; Gregory and Hellman, 1939; Veron, 1995; Hunt, 2001) . Recent molecular investigations suggested the exclusion of Prionodon from the Viverridae (Gaubert et al., 2004b) and placed it as sister-taxon to the Felidae (Gaubert and Veron, 2003) , under the family Prionodontidae.
Evolutionary Issues
The study of morphological evolution of viverrid and viverrid-like morphotypes has never been tackled in the context of an exhaustive, solid, and independent phylogenetic framework. However, the great majority of the phylogenetic relationships based on morphology alone often conflict when compared to molecular phylogenies. This was the case for questions like the relationship between Poiana and Prionodon, and the phylogenetic positions of Cryptoprocta and Nandinia within Feliformia (see Veron, 1995; Gaubert et al., 2002a) . The recent production of molecular phylogenies concerning feliformians offers the opportunity of comparing a synthetic molecular tree with resolved lineage relationships to morphological evolution. The aim of our study is to (1) characterize the morphological diversification of viverrid-like carnivores from an independent (molecular) phylogenetic hypothesis; and (2) to identify the convergence patterns that may be responsible for the difficulties in reconstructing relationships between viverrids and viverrid-like taxa. For this purpose, a morphological matrix of 349 characters was built, covering a large panel of morphoanatomical regions, and including all species-level viverrids and viverrid-like taxa following Wozencraft (1993) . This large matrix allows us to accurately characterize patterns of homoplasy. On this basis, we propose to (1) identify putative homoplastic partitions in the morphological set; (2) to define the mosaic of shared convergences represented by each viverrid-like taxon; and (3) to assess its influence on the phylogenetic reconstruction process. To our knowledge, this procedure has never been applied to such an exhaustive morphological matrix in the framework of a molecular phylogeny. Complementarily, the widespread a priori hypothesis that considers that complex structures either are not subject to or at least less prone to convergence will be tested for four morphological units that have been the subject of intense speculations in feliformian evolution.
MATERIALS AND METHODS

Morphological Data
Morphological data were observed for at least five specimens of each sex (the final number of individuals examined for each species varied depending upon availability of material). We considered juvenile and young adult specimens in order to take into account peculiar characters that were observable in such developmental phases only (see Appendix 1) and to increase accuracy of observation of cranial sutures. Lists of the material examined are available in Wozencraft (1984) , Veron (1994 Veron ( , 1995 , Gaubert et al. (2002b) , and Gaubert (2003a Gaubert ( , 2003b .
We coded a morphological matrix consisting of 349 characters partitioned in four subsets: skull (147 characters), dentition (74), postcranium (57), and external/soft anatomy (71) (Appendices 1 and 2, available at the 868 SYSTEMATIC BIOLOGY VOL. 54
TreeBase website under accession numbers "S1255" [Study] and "M2193" [Matrix] ; Appendix 2 also available at www.systematicbiology.org). All characters were described qualitatively (i.e., discrete characters). We coded polymorphic characters when a similar proportion of two different states were observed within a same species. In an attempt to document autapomorphies, all variable characters that appeared to us between species were taken into account. In order to consider the broadest picture of morphological disparity within the Viverridae and viverrid-like taxa, the 34 species recognized by Wozencraft (1993) were included in the analysis (for convenience, we will consider Wozencraft (1993) as the "traditional" classification to which the results of our analyses will be compared and discussed). However, in one deviation from Wozencraft (1993) , we placed the aquatic genet in the genus Genetta, following Gaubert et al. (2004a Gaubert et al. ( , 2004b . Representatives of the other feliformian lineages were included in the ingroup: Herpestidae (Herpestes, Mungos), Galidiinae (Galidia), Hyaenidae (Hyaena, Proteles), and Felidae (Felis, Lynx). Given the evidences for considering the monophyly of Feliformia (Hunt, 1974; Wyss and Flynn, 1993; Wayne et al., 1989; Wozencraft, 1989; Flynn and Nedbal, 1998) and in order to minimize issues related to character homology, the tree was rooted by three representatives of the suborder Caniformia (Canis, Bassariscus, Ursus), which is the sistergroup of the Feliformia. As a consequence of the broad phylogenetic level investigated and our peculiar focus on viverrid-like taxa, the coding of characters could not describe the specific variability prevailing within homogeneous genera such as Genetta, Viverra, and Paradoxurus (studied in Veron, 1995; Gaubert et al., 2002a; Gaubert, 2003a; G. Veron, in preparation) .
Phylogenetic Methods
The morphological matrix was first analyzed without topological constraint under PAUP * Beta version 4.0b2 (Swofford, 2001 ) using the maximum parsimony criteria (MP), with multistate characters treated as "polymorphic." Heuristic searches were performed using stepwise-addition branch-swapping (10 random additions) and tree bisection-reconnection (TBR) swapping algorithm. Phylogenetic signal value (g1; 1,000,000 random trees) was used as an estimation in the structuring of the signal versus random noise (Hillis, 1991; Hillis and Huelsenbeck, 1992) for each matrix subset and in the complete data set. Retention index values (RI; Farris, 1989a Farris, , 1989b were estimated as recommended by Grant and Kluge (2003) as a heuristic method of a posteriori estimation of phylogenetic signal pattern. In order to detect conflicting signals at nodes of interest (i.e., above the species level) between the four partitions, we used the partitioned Bremer support (PBS; Baker and DeSalle, 1997) with TreeRot.v2 (Sorenson, 1999) . We then evaluated the significance of each branch support value by employing the test of Templeton (Macey et al., 1999; Whitlock and Baum, 1999; Lee, 2000; Lee and Hugall, 2003) .
A topological constraint was then imposed on the phylogenetic search in order to trace back morphological evolution from an independent topology and to detect putative morphological convergence. This constraint corresponded to a synthetic tree built by hand from recent works on the evolution of feliformians and including viverrids (Flynn and Nedbal, 1998; Veron and Heard, 2000; Gaubert and Veron, 2003; Yoder et al., 2003; Gaubert et al., 2004a Gaubert et al., , 2004b . Only nodes with strong bootstrap (>75%) or posterior probability values (>0.95) and found throughout the different studies were considered (Fig. 1) . Several viverrid species were not represented in molecular studies (especially members of the Paradoxurinae and Hemigalinae), and so their relationships were depicted as polytomies in the constraint tree. Sufficient taxonomic sampling and phylogenetic support were, however, available to fix dichotomous, unambiguous branching patterns between all lineages, reaching the subfamily level in Viverridae. More than half of the nodes of concern (A, C, D, F, G, H, and K; see Fig. 1 ) were supported by published analyses based on a total number of four independent loci (mtDNA: cytohrome b and ND2/nDNA: transthyretin intron I and IRBP). In what concerns the Viverridae, nodes H, J, K, L, and M were also found with high support using a second nuclear locus (totalizing 1 mtDNA and 2 nDNA genes; Gaubert et al., unpublished data) . Thus, we made the assumption that both the nature and the high level of homoplasy in the morphological data set (Wyss and Flynn, 1993; Veron, 1995; Flynn and Nedbal, 1998; Veron and Heard, 2000; Gaubert and Veron, 2003; Yoder et al., 2003; Gaubert et al., 2004b) were more likely to yield a misleading phylogeny when compared to the congruent studies underlying the molecular synthetic tree.
Characterization of Convergence and Phylogenetic Perturbation
As a first attempt at detecting homoplasy, we determined the fluctuations of RI values between the constrained (RI c ) and unconstrained (RI u ) topologies. The characterization of RI distributions (i.e., values of RI for a set of characters classified from 0.0 to 1.0) were determined for the complete matrix and each separate subset in both tree search conditions using a density estimation function of the stats library of the R statistical language (Ihaka and Gentleman, 1996) version 1.9 for Linux (http://cran.r-project.org/). The purpose of density estimation is to model the distribution of RI values on the basis of sample distributions. Then, we assessed the perturbation due to the imposition of a topological constraint by statistically testing the differences of behavior between RI c and RI u distributions. Because RI c and RI u cannot be considered as independent values, we applied the paired-sample hypothesis testing case. We first tested the normality of the distribution of the (RI c − RI u ) vector through a Shapiro-Wilk test (Royston, 1982a (Royston, , 1982b (Royston, , 1995 , and a paired t-test was used each time the different partitions met this assumption (Zar, 1984) . When the hypothesis of normality in distribution was rejected, we used the nonparametric Wilcoxon paired sample rank test (Bauer, 1972; Hollander and Wolfe, 1973) .
The characterization of homoplasy "caused" by the viverrid-like taxa was calculated as the number of shared convergences per taxon for each partition of the constrained analysis. We used the "Describe trees-list of apomorphies" option in PAUP * , and calculated the number of shared convergences between each viverrid-like taxon and the following list of lineages, (in which they have been historically included): Felidae, Viverridae, Paradoxurinae, Viverrinae, Hemigalinae, Herpestidae. Similar comparisons were also made between each genus of viverrid-like taxa. Because the Malagasy viverrid-like taxa grouped as (Cryptoprocta, (Eupleres, Fossa) ) in the constrained analysis, we also considered the number of shared convergences at the branches leading to the two nodes whenever these acquisitions were shared by all the taxa of a node (the same procedure was applied at the node grouping the Felidae and Prionodontidae). Given that different optimizations did not affect the number and nature of shared convergences, we present here the results from ACCTRAN optimization. The mosaic of convergences constituted by the viverrid-like taxa was illustrated as a percentage representation of the sum of convergent character states shared with the main lineages of feliformians (including Viverridae subfamilies). Diagrams based on raw calculations of shared convergences were used in order to give a detailed representation of the contribution of each morphological partition to the mosaic. In order to estimate the level of perturbation caused by viverrid-like taxa in the phylogenetic reconstruction, we re-coded the identified convergent states as uncertainties (i.e., coded "?") in each of the five taxa, thus allowing "free" optimization during tree search. We first ran the analysis with one modified taxon, the other viverrid-like taxa remaining unchanged. Then, two, three, and four taxa had their coding alternatively modified, until the five taxa were all included as modified in the matrix (25 alternative matrices). In each case, lengths were compared among the constraint tree and (1) the unconstrained trees and (2) the trees based on modified coding using the Templeton (Wilcoxon signed-ranks) test (Templeton, 1983) , as implemented in PAUP * and following Graham et al. (1998) when several most-parsimonious trees were available. This is a nonparametric, conservative test, which relies on the calculation of differences in number of steps involved by two competing topologies for each character (Cunningham, 1997) . We assumed that a significant departure from initial tree length (unconstrained analysis) was evidence for hidden phylogenetic signal, the contribution of which could have been hampered by convergences. On the other hand, nonsignificant length difference with the constrained tree was assumed to correspond to the identification of mosaics of convergence misleading the search of the "true" tree topology.
Test of Evolutionary Hypothesis
The mapping of morphological units onto the strict consensus tree obtained from the molecular constraint was done using linear parsimony under MacClade 4.0 (Maddison and Maddison, 2000) . This method uses Wagner parsimony (Swofford and Maddison, 1987) and opts for the scenario that minimizes the number of evolutionary events necessary to explain the distribution of character states on the tree (Maddison and Maddison, 1992; Cunningham et al., 1998) . In order to give a relative support to the scenario, we assigned the alternative character state that implied the least parsimonious option at the base of the feliformian clade, and calculated the number of additional evolutionary events on the tree. We then estimated the ratio between the latter value and the number of steps for the ancestral condition that implied the most parsimonious option. We thus obtained an index that reflects the proportional difference between the most and the least parsimonious choice of ancestral character states (Gaubert et al., 2004a) . We chose to test the evolution of four complex functional units (Appendix 3, available at www.systematicbiology.org) in order to reassess their evolutionary history using an independent and robust phylogeny. Complex structures have been considered as "reliable" phylogenetic characters because the great amount of coordinated transformations that is necessary to evolve is supposed to minimize convergences (e.g., auditory bulla in feliformians: Hunt, 1974 Hunt, , 1987 Hunt, , 1991 Hunt and Tedford, 1993) . Various hypotheses have been proposed concerning the orientation of transformations in complex functional units and what conditions are primitive in feliformians, especially viverrids. We thus compared traditional assertions to the recent clarification of feliformian phylogenetics by specifically retracing the evolution of four complex structures:
We follow the definition of Taylor (1988) in considering that plantigrady is characterized by relatively short metapodials with distinct metapodial pads whereas relatively long metapodials with reduced or vestigial metapodial pads are diagnostic of digitigrady. Semi-digitigrady is specific of the genera Genetta and Poiana, which exhibit plantigrade forefeet and digitigrade hindfeet. Data collected from literature (Pocock, 1915a (Pocock, , 1915b (Pocock, , 1915c (Pocock, , 1915d (Pocock, , 1915e, 1916a (Pocock, , 1916b (Pocock, , 1916c (Pocock, , 1916d Ginsburg, 1961; Taylor, 1988) were compared, for all species, to direct observations on museum specimens (Wozencraft, 1984; Veron, 1999; Gaubert et al., 2002a . Given the relative heterogeneity and scarcity of bibliographical sources on the structural types of perineal glands in feliformians, we coded the different types following two conservative criteria: (1) relative position of the glands to the urogenital orifice and (2) inflation of the glandular fossa. The first type corresponds to the peculiar condition met in Nandinia, with the urogenital orifice at the posterior part of the glandular area, the anterior part of which forms a shallow subcircular depression with tumid margins. The secreting cells are not differentiated into a right and left thickening like in other taxa where perineal glands are present. The second kind defines the Viverrinae, with the glands occupying a strictly perineal position and divided in two distinct pouches for the storage of secretion. The third type is typical of the Paradoxurinae, which have the urogenital orifice encircled by the labia of the glands, either in central or anterior position. The perineal glands form two distinct pouches as in the Viverrinae, but more flattened. Finally, the fourth kind corresponds to the state met in at least some of the Hemigalinae (data available for Hemigalus and Cynogale), with the urogenital orifice encircled by the most anterior part of the labia of the glands, the latter showing "shallow glandular pits" (Pocock, 1915b (Pocock, , 1915d in which secretion is stored. Although perineal glands are clearly present in Galidia (Pocock, 1915f; Nowak, 1999 ; WCW personal observation), the bibliographical sources were too confusing to envisage any accurate characterization and Galidia was coded "?" (see Discussion). Data were collected from the literature (Pocock, 1915a (Pocock, , 1915b (Pocock, , 1915c (Pocock, , 1915d Ewer, 1973) and, depending on the availability of the material, from personal observations (see Wozencraft, 1984; Gaubert, 2003b) .
sac]-present [anterior anal sac]). State "absent" corresponds to functional anal glands, but not resulting in external inflation. The central anal sac is the condition met in Cryptoprocta and most herpestids, which exhibit large anal glands opening in a pocketlike anal sac surrounding the anus. The anterior anal sac characterizes the Hyaenidae, where the condition is similar but the anal sac is situated anterior to the anus. Data were exclusively collected from the literature (Pocock, 1916a (Pocock, , 1916b (Pocock, , 1916c (Pocock, , 1916d Ewer, 1973; Gorman et al., 1974; Wyss and Flynn, 1993) . (4) Tympanic bulla conformation (types "A" through "G"). We follow Hunt (1974 Hunt ( , 1987 Hunt ( , 1991 Hunt ( , 1998 Hunt ( , 2001 and Hunt and Tedford (1993) in defining the different types of bulla conformation on the basis of the relative proportions of the two bulla chambers (i.e., ectotympanic and caudal entotympanic bones). Type A is the condition met in several lineages of arctoids (including Ursus and Bassariscus), with a very small, bipartite entotympanic relative to ectotympanic, and no true septum. Type B is found in canids and other arctoids, and exhibits a single, enlarged caudal entotympanic with occasional pseudoseptae that partially subdivide the bulla. Type C is exclusive to Nandinia, with a cartilaginous caudal entotympanic and only slightly inflated. The septum is absent. Type D characterizes the Viverridae and viverrid-like taxa, with an enlarged caudal entotympanic expanded forward into the anterointernal corner of the auditory region, and a vertical septum bulla. Type E is the condition met in Hyaenidae, where the caudal entotympanic is reduced and the ectotympanic very large. The bulla septum is recumbent (Hyaena) or vertical (Proteles). Type F is found in Felidae. It is similar to Type D (Viverridae) with the exception of the caudal entotympanic, which grows forward during early stages of development to cover the ectotympanic-rostral entotympanic contact. Type G is typical of Herpestidae and Galidiinae. It shows a generally vertical septum bulla, and the anterior chamber of caudal entotympanic is aligned in front of the posterior chamber of ectotympanic with no encroachment (excepted in Cynictis). Whenever possible, data collected from literature were cross-checked by direct observations on museum specimens.
RESULTS
Phylogenetic Analysis without Topological Constraint
The exhaustiveness of our morphological observations yielded a low percentage of missing data (<5%) in the final matrix, with six exceptions: Macrogalidia musschenbroekii (7.7%), Genetta abyssinica (12.3%), Paradoxurus jerdoni (13.2%), Diplogale hosei (14.6%), Chrotogale owstoni (14.9%), and Poiana richardsonii (23.8%).
The phylogenetic analysis of the morphological matrix yielded eight equally parsimonious trees (1761 steps; CI = 0.331; RI = 0.635), resulting in a strict consensus tree of 1782 steps ( Fig. 2 ; CI = 0.327; RI = 0.628). Estimations of phylogenetic signal values (g1) by partition ranged from −0.388389 (postcranium) and −0.360938 (external/soft anatomy) to −0.450502 (skull) and −0.454838 (dentition) (g1 total = −0.439344). This reflected weak skewness in tree-length distributions (critical values not available for morphological data sets including nonbinary characters; see Hillis and Huelsenbeck, 1992) . The topologies of the consensus and synthetic molecular trees were highly dissimilar. None of the phylogenetic relationships established by recent molecular studies were recovered between the main feliformian lineages. Node support values were generally very low, but reached high values in a few exceptions such as the monophyly of Hyaenidae, Felidae, and Asiatic linsangs (Fig. 2) . The Hyaenidae and Felidae formed a sister-group clade to the other feliformians. The ingroup then split into (Herpestidae, Galidiinae) and a clade that was historically grouped under "viverrids" (i.e., Wozencraft, 1993) . The latter consisted of three distinct lineages. The first was the two Malagasy viverrid-like taxa (Eupleres and Fossa). The second consisted of Cryptoprocta (Malagasy viverrid-like taxa) followed by Nandinia (another viverrid-like), then the Paradoxurinae (here paraphyletic) and Hemigalinae (monophyletic) as the crown group. Finally, the Viverrinae as they were traditionally defined formed the third lineage. The viverrid clade was supported by the only diagnostic synapomorphy of the analysis, namely 872 SYSTEMATIC BIOLOGY VOL. 54 FIGURE 2. Cladogram resulting from the strict consensus of the eight most parsimonious trees obtained under the unconstrained analysis of 349 morphological characters (length = 1782 steps; CI = 0.327; RI = 0.628). Values at nodes correspond to Bremer index (between parenthesis) followed by partitioned Bremer support values for the partitions "skull," "dentition," "postcranium," and "external/soft anatomy," respectively. Asterisks mark significant values after applying the test of Templeton (see Materials and Methods).
the presence of three facets on the head of the malleus (ossicles; 126 (1) ).
The respective contribution patterns of each character partition proved to be heterogeneously distributed throughout the phylogenetic tree. The "skull" partition significantly supported the monophyly of the viverrids whereas this subset did not support the majority of the nodes within the group. However, two notable exceptions included the monophyly of Prionodon and Civettictis + Viverra. The phylogenetic signal conveyed by dental characters supported several nodes within the Paradoxurinae, Hemigalinae, and terrestrial civets. Postcranial anatomy supported the monophyly of the viverrids, as well as the association (Cryptoprocta, (Nandinia, (Paradoxurinae + Hemigalinae))) and ((Poiana, Prionodon), Genetta). The partition "external/soft anatomy" was the most important in terms of tree structuring. It significantly contributed to the monophyly of Poiana + Prionodon and was a strong support for the traditional grouping of the Viverrinae. It contributed to the greatest support of the monophyly of the terrestrial civets and Hemigalinae. The external/soft anatomy also supported the branchings of Cryptoprocta and Nandinia at the base of their clade.
Phylogenetic Analysis with Topological Constraint
The constrained analysis yielded two mostparsimonious trees (1869 steps; CI = 0.312; RI = 0.601) resulting in a strict consensus tree of 1871 steps (CI = 0.312; RI = 0.600). Morphological characters supported similar relationships in the Hemigalinae and terrestrial civets compared to the unconstrained (1) Vestigal or absent postglenoid foramen (squamosal) Skull 99 (1) Presence of an entotympanic septum External/soft anatomy 337 (1) Presence of Cowper's (bulbourethral) gland Feliformia, excluding Nandinia Skull 103 (2) "Thictic" caudal entotympanic bone not intervening between ectotympanic and rostral entotympanic (Hunt, 1987 ) Felidae Skull 88 (1) Nearly vertical inclination of ectotympanic ring Skull 100 (2) Carotid canal (entotypanic) absent Skull 103 (1) "Bradynothictic" caudal entotympanic intervening between ectotympanic and rostral entotympanic only in juveniles (Hunt, 1987 ) Skull 127 (1) Flat upper facet on head articulation surface of malleus Skull 133 (1) Absence of major a1 arterial shunt Dentition 163 (2) Absence of roots in P 2 External/soft anatomy 347 (1) Absence of inter-ramal tuft on vibrissae Prionodontidae Postcranium 231 (1) Spinous processes of sacrum vertebrae fused together into one straight "keel" Hyaenidae Skull 40 (1) Presence of an alisphenoid-frontal muscle ridge Skull 59 (1) Presence of a small intraorbital wing on maxilla Skull 146 (1) Presence of a sagittal crest, extending beyond lambdoial crest (parietal) Postcranium 268 (1) Presence of a proximal fusion on the tibia-fibula junction Herpestidae External/soft anatomy 286 (1) External pinnae rounded External/soft anatomy 349 (1) Marker chromosome absent (Wurster, 1969 ) (Hemigalinae, Paradoxurinae) Dentition 185 (1) Buccal lobes of M 1 symmetrical Hemigalinae Dentition 197 (1) Hypocone of M 2 present (Civettictis, Viverra) Postcranium 227 (1) Spinous process of axis with a convex profile analysis. The Paradoxurinae grouped this time as ((Macrogalidia, (((Paguma, (Arctictis, Arctogalidia) ), Paradoxurus)), and the Malagasy taxa grouped as (Galidia, (Cryptoprocta, (Fossa, Eupleres))). The topology of the unconstrained tree was significantly more parsimonious than the constrained tree (Templeton's test: P < 0.0001). The increase in number of steps induced by the topological constraint was significant for each character partition (P < 0.05). When the unconstrained tree topology was compared to the tree built via matrix representation using parsimony of Bininda-Emonds et al. (1999) , length differences based on the complete data matrix were significant (MRP tree constraint: 1802 steps; P = 0.0006). However, the Templeton's test, based on the "postcranium" and "external/soft anatomy" partitions, did not detect significant length differences. A similar incongruence between the phylogenetic relationships of feliformians proposed by Bininda-Emonds et al. (1999) and the topology of the molecular (constraint) tree also was found (P = 0.0001). In this case, the subsets "dentition" and "postcranium" did not involve significant length differences.
In contrast to the low number of diagnostic synapomorphies characterizing the unconstrained tree, the constrained analysis resulted in the identification of numerous, exclusive homologies, including the Feliformia, Herpestidae, Hyaenidae, and Felidae (Table 1) . A new synapomorphy for the recently erected family Prionodontidae (Gaubert and Veron, 2003) was identified in the fusion into one straight "keel" of the spinous processes of the sacrum vertebrae (postcranium: 231 (1) and Hemigalinae was supported by a single synapomorphy, which consisted of the symmetry of M 1 buccal lobes (dentition: 185 (1) ). The presence of a hypocone on M 2 was diagnostic for the monophyly of the Hemigalinae (dentition: 197 (1) ). The clade (Civettictis, Viverra) was characterized by a diagnostic synapomorphy from postcranial characters, namely the convex profile of the axis spinous process (227 (1) ). On the other hand, no diagnostic morphological synapomorphies were found for all the interlineage relationships recently proposed on the basis of molecular studies.
Characterization of Convergence and
Phylogenetic Perturbation Density estimation analysis revealed a trimodal distribution of RIs in both tree search conditions for the whole set of morphological characters, with three peak values at 0.0, ca. 0.7 and 1.0 (Fig. 3, " Complete matrix"). The Wilcoxon paired sample rank test detected a highly significant decrease in RIs from the unconstrained to constrained analyses (P < 0.0001). RI distribution patterns were different among the four character partitions both in the unconstrained and constrained analyses, but all exhibited a main peak between 0.5 and 0.8. The postcranium partition was the only one to match the normality criterion. "Skull" and "external/soft anatomy" subsets showed a bimodal distribution, whereas "dentition" was unimodal. The "potscranium" partition had a different behavior depending on tree search conditions, because RI distribution, shifted from unimodal (unconstrained) to trimodal (constrained). The four partitions revealed a significant decrease in RIs (P < 0.0001; postcranium: P < 0.00197) when the topological constraint was enforced, but the difference RI c − RI u generally did not exceed −0.2. There was no correlation between initial RI values derived from the unconstrained search and their posterior variability (data not shown). The bimodal patterns characterizing the "skull" and "external/soft anatomy" partitions corresponded to the first two modes described by the complete data matrix: a small peak at 0.0, a decrease in RI frequencies between 0.1 and 0.3, and a main peak between 0.4 and 0.8. On the contrary, the "dentition" subset did not show evident multimodal structure. Relevant changes observed in the distribution of RIs when the analysis was constrained appeared in (1) the "skull" partition, with a decrease in the frequency of RIs concerning the least homoplastic characters; (2) the "dentition" subset, which showed an increase in characters with RI ranging from ca. 0.4 to 0.5; and (3) the "postcranium," which was characterized by a shift from unimodal to trimodal structure (peaks: 0.0, 0.6, 1.0) and an increase at the main peak (0.6).
The proportion of characters that were more homoplastic after the constrained search (RI c − RI u < 0) was higher in the "postcranium" (38.6%) and "external/soft anatomy" (42.3%) partitions (Fig. 4) than in "skull" and "dentition" (<30%). On the contrary, the proportion of characters with less homoplasy was roughly constant in each partition (11.6% to 17.5%). In all cases, the part of characters with neutral behavior (RI c − RI u = 0) was the most important (42.3 to 60.3%). Note that autapomorphies (RI c − RI u always equals 0) were included in the calculations and did not affect the results (9 [skull], 8
[dentition], 3 [external/soft anatomy]), excepted in the case of the external/soft anatomy partition where the "real" neutral set represent 28 characters (thus slightly lower than characters [30] with RI c − RI u < 0). Dramatic changes in level of homoplasy (RI c − RI u = −1) affected characters 47 (postorbital inflation of frontal), 286 (shape of external pinnae), and 349 (presence of marker chromosome).
The calculation of proportions of shared convergences for each viverrid-like taxon yielded a pattern in mosaic, which was remarkable by the fact that a great part of homoplasies were shared among viverridlike taxa themselves ( Fig. 5 ; Appendix 4, available at www.systematicbiology.org). The genus Nandinia shared the greatest proportion of convergences (n = 77) with Cryptoprocta (19%), Fossa, and Prionodon (both at 16%). Nandinia also shared 13% of homoplasies with Eupleres and the Paradoxurinae. The global pattern of convergence observed in Cryptoprocta (n = 54) was principally explained by the contributions of Nandinia (28%), the Felidae (22%), Paradoxurinae (17%), and Prionodon (15%). Cryptoprocta shared only 2% (n = 1) of its homoplastic characters with the Herpestidae. The genus Fossa had a majority of convergent states (n = 45) shared with Nandinia (26%), the Viverridae (18%), Prionodon, and the Viverrinae (both 16%). The mosaic pattern in Eupleres (n = 46) was mainly explained by shared convergences with Prionodon (32%) and, to a lesser extent, Nandinia (22%). The genus Prionodon had a mosaic of shared homoplasies (n = 72, including Poiana; see Fig. 5 ) to which Eupleres (20%), Nandinia (17%), and Poiana (13 %) mainly contributed. We then assessed the respective contribution of each character partition to the patterns of shared convergences observed among viverrid-like taxa. This revealed a second level of mosaic, which was distributed in this case among the four data subsets (Fig. 6) . In Nandinia, the number of convergences related to skull was almost equally shared (6-7) with the other viverrid-like taxa, whereas Cryptoprocta supplied the highest number of shared convergences in postcranium (7). The most significant contributions found in Cryptoprocta were shared convergences with the Felidae in dentition (9), and Nandinia in skull (5), and postcranium (7). The genus Fossa shared convergences related to the skull partition supplied by Nandinia (6) and Prionodon (5). The Viverridae contributed to most of the convergent character states in dentition (3), and Nandinia also supplied the highest contribution for external/soft anatomy (4). In Eupleres, Prionodon principally contributed to skull (11), whereas convergences in the other partitions were diffusely distributed. The most significant values for Prionodon were provided by Eupleres (skull; 11), Nandinia (postcranium; 5), and Poiana (dentition; 3).
The different levels of perturbation applied to shared homoplasies between viverrid-like taxa yielded tree lengths (1) not significantly different from the initial, unconstrained phylogeny (P > 0.05 in all cases) and (2) greatly different from the constrained phylogeny (P < 0.0001 in all cases; data not shown). None of the obtained topologies recovered viverrid-like taxa branchings as found in the synthetic molecular tree.
Test of Evolutionary Scenarios for Complex Structures
Based on the mapping of traits related to the foot structure, the constrained phylogenetic tree suggested that the plantigrade condition was ancestral to the feliformians ( Fig. 7 ; index values [least/most parsimonious scenarios] for semi-digitigrady and digitigrady = 7/5 and 6/5, respectively). Three reversions appeared (digitigrade → plantigrade), namely in Cryptoprocta, the Hemigalinae, and between the Paradoxurinae node and the branch leading to the common ancestor of the Paradoxurinae and Hemigalinae (ambiguous reconstruction). Semi-digitigrady strictly characterized 876 SYSTEMATIC BIOLOGY VOL. 54 FIGURE 5. Mosaics of shared convergences represented for each viverrid-like taxon and estimated after constrained analysis (ACCTRAN optimization). Numbers of convergences were calculated between the viverrid-like taxa and the Felidae, Viverridae, Paradoxurinae, Viverrinae, Hemigalinae, Herpestidae. The genus Poiana was also considered in the case of Prionodon due to similarities reported in the literature (see introductory section of text). Mosaics of convergences were illustrated as a percentage of the sum of shared convergent character states by taxon. the clade Poiana + Genetta (Viverrinae). The absence of perineal glands was considered the ancestral state in feliformians ([Nandinia type] = 6/5; [viverrine, paradoxurine and hemigaline types] = 7/5). The pattern of acquisition for perineal glands characterizing the Viverrinae, Paradoxurinae, and Hemigalinae was obscured by ambiguous reconstruction in the branches leading to their common ancestors. The uncertainty related to the coding of Galidia (see Fig. 7 ) did not allow us to distinguish between acquisition of perineal glands as a homoplastic event or autapomorphy. Similarly, we could not assess whether the absence of perineal glands in Poiana, ascertained for the first time in this study, is a symplesiomorphy shared with Prionodon and other fielformian lineages or a secondary loss. The absence of an external anal pouch was estimated as the ancestral condition in feliformians ( Fig. 8; [central and anterior anal sacs] = 6/3). This structure was subject to one reversion in (Fossa, Eupleres) ([central anal sac] → absent), but the condition in Mungotictis is unknown. The reconstruction of the ancestral state concerning tympanic bulla conformation in the feliformians was ambiguous (Fig. 8) , with types A, B, C, and D having equal probabilities (types E, F, and G = 8/7). Type D was estimated as the symplesiomorphic state characterizing the feliformians excluding Nandinia. Type F (Felidae) appeared derived from type D, whereas ambiguous reconstruction on the branch leading to the common ancestor of the Hyaenidae, Herpestidae, and Malagasy taxa hampered clear reconstruction (at least three new acquisitions can be envisaged).
DISCUSSION
Characterization of Convergence: Viverrid-Like Taxa
as Non-Adaptive Morphological Mosaics We assumed that well-supported clades found iteratively in molecular analyses (notably from independent regions of the mitochondrial and nuclear genomes; see Fig. 1 ) constituted more consistent estimates of phylogenetic relationships when confronted to the results from the morphological analysis. This would be equivalent to the "third explicit criterion" proposed by Wiens et al. (2003) for detecting misleading morphological convergence. The unconstrained analysis based on the 877 FIGURE 6. Diagrams representing the respective contributions of each morphological partition to the mosaics of shared convergences for each viverrid-like taxon. 878 SYSTEMATIC BIOLOGY VOL. 54 FIGURE 7. Reconstructed evolution of perineal glands and foot structure in feliformians based on the strict consensus tree obtained after constrained analysis (see Results) and using linear parsimony (MacClade). Missing box denotes missing data. The question mark next to Galidia elegans in the evolutionary scenario concerning perineal glands means that the structure, although present, was coded as missing data (see Discussion). morphological matrix yielded phylogenetic groupings that remarkably reflected the traditional classification in use during the past decades in grouping all the viverridlike taxa in the viverrids (Wozencraft, 1984 (Wozencraft, , 1989 Corbett and Hill, 1991) . The historical proximity of Nandinia to the Paradoxurinae was reflected by its position at the base of the clade (Paradoxurinae-Hemigalinae). This node was mainly supported by the external/soft anatomy partition, although our coding included the particular traits of Nandinia in pad and scent gland structures as noticed by Pocock (1915) and Kingdon (1977 Kingdon ( , 1997 . The three Malagasy viverrid-like taxa were not grouped together in a single taxon (Wozencraft, 1984 (Wozencraft, , 1989 . However, the genera Eupleres and Fossa constituted a unique lineage, whereas Cryptoprocta, on the basis of the dentition and external/soft anatomy partitions, was sister-group of (Nandinia, Paradoxurinae-Hemigalinae). The clade (Prionodon, Poiana) was significantly supported by external characters whereas the skull partition was in conflict. The phylogenetic relationships obtained from our data matrix and the MRP (supertree) analysis of Bininda-Emonds et al. (1999) both reflect, at different levels, the traditional taxonomy of "viverrids." They are typical illustrations of morphological phylogenies driven by an "all combined" approach of data sets (i.e., no a priori removal of potentially convergent data; see McCracken et al., 1999; Wiens et al., 2003) . The supertree of the Carnivora proposed by Bininda-Emonds et al. (1999) has already been used as a reference topology for testing macroevolutionary patterns and trends (e.g., Sechrest et al., 2002) . Following Ruta et al. (2003) , we urge caution in (1) using supertrees that include all source trees available (i.e., even ones that have been superseded by more comprehensive studies), and (2) using supertrees as support for replacing character-based phylogenies.
The use of a synthetic molecular tree as a constraint allowed us to analyze morphological evolution from independently derived phylogenetic hypotheses. One of the striking points of our results resides in the mosaics of convergences that the viverrid-like taxa constitute: these convergences being mainly shared among viverrid-like taxa themselves. The complexity of this homoplastic pattern was increased by the existence of a second level of mosaic concerning the contributions per taxa of the four data partitions. Thus, each viverrid-like taxon proved to represent a complex and coherent combination of convergences. These results demonstrate that considering "rough" phenotypic similarities between morphotypes (i.e., "coat pattern," "dentition," etc.) may lead to misleading assumptions regarding their respective contributions to convergence. For instance, the genus Prionodon, often mentioned as representing an extreme case of convergent morphotype with Poiana, shares instead an unsuspected, high proportion of convergences with the other viverrid-like taxa. The hypothesis put forward by Gaubert and Veron (2003) about global convergence between the skull morphology of Poiana and Prionodon needs to be reconsidered in the light of the exhaustiveness of our analysis; given that the "skull" partition did not support the association between Asiatic and African linsangs, and most of the cranial convergences are shared with Eupleres. Our results illustrate that long-standing debates over the classification of viverrid-like taxa within the Feliformia were at least partly generated by the unsuspected mosaics of convergences they share between themselves and other feliformian lineages, in addition to symplesiomorphies (e.g., Ginsburg, 1961; Petter, 1974; Hunt, 2001) . We consider that the unique mosaics of convergences characterizing viverrid-like taxa constitute further evidence for proposing their classification into three distinct families: Nandiniidae (Nandinia), Prionodontidae (Prionodon), and, as a newly defined family, Eupleridae Chenu, 1852 (Cryptoprocta, Fossa, Eupleres + "mongoose-like" Malagasy taxa: Galidia, Galidictis, Mungotictis, Salanoia). The inclusion of all the Malagasy taxa in a single family is justified by their well-supported monophyly (Yoder et al., 2003) and a drastic morphological divergence compared to their sister-group, the Herpestidae. However, their significant morphological heterogeneity, once relationships among viverrid-like Malagasy lineages are clarified, might justify a split into several family level taxa.
Morphological-and molecular-based phylogenies yielded dramatically incongruent topologies. However, no clear "phylogenetically misleading" morphological data could be identified from the comparison between the constrained and unconstrained tree searches. Our analysis showed that the respective contributions of the four different data sets along the unconstrained tree were distributed heterogeneously. For instance, the "skull" partition significantly supported grouping Viverridae and viverrid-like taxa in a single clade and supplied one diagnostic synapomorphy at this node; whereas external characters had an important contribution at nodes designing traditional groups of lower taxonomic levels (Viverrinae, Poiana + Prionodon). Similarly, in the constrained analysis, the contribution of character subsets proved dependant on the taxonomic level of investigation (as suggested for dentition by Hunt and Tedford, 1993) . This was illustrated by the diagnostic synapomorphies supplied by the "skull" partition at the family and suprafamily levels (Feliformia, Felidae, Hyaenidae); whereas the "dentition" subset principally contributed to infrafamilial structuring (Hemigalinae, Paradoxurinae + Hemigalinae).
In the case of incongruence between morphological and molecular phylogenies, adaptive morphological data subsets involving convergence are often attributed the role of misleading characters (e.g., Alvarez et al., 1999; Littlewood et al., 1999; McCracken et al., 1999; Goodacre and Wade, 2001; Wiens et al., 2003) . Conversely, our analysis suggests that the great majority of morphological convergences are not adaptive. If we focus on the most homoplastic traits (i.e., convergences shared more than once among viverrid-like taxa; Table 2), almost none of them can be associated with what would appear to us to be adaptive functions. For instance, although the independent acquisition of metatarsal pads larger than tarsal pads (311 (3) ) in Nandinia, Cryptoprocta, and Paradoxurinae is probably indicative of adaptation to arboreality, how can one interpret the shared convergence of the absence of a hypoconid in M 1 (192 (1) ) between Nandinia (omnivorous) and Cryptoprocta and the Felidae (both hypercarnivorous)? A possible explanation to this apparent lack of adaptive value in morphological characters may reside in the fact that there are several ways of adapting to a peculiar mode of life, diet or locomotion (Leal et al., 2002) , including the use of identical traits for different functions (Table 2) . A second potential explanation is that the peculiar patterns in shared convergences observed in viverrid-like taxa are due to "phylogenetic inertia," i.e., nonadaptive phenotypic stasis acting heterogeneously along the tree (Wilson, 1975) . A developmental perspective to this hypothesis is that independent acquisition of presumably nonadaptive characters may be due to recurrent processes of canalization (Zakharov, 1992; Debat and David, 2001 ). In addition, canalization may interact with other iterative developmental processes influencing the morphotype expression. For instance, it has been shown that only small heterotopic shifts and iterative processes in the molecular prepatterns of gene expression were necessary to explain the observed diversity in the molars of mammals (Jernvall et al., 2000) . Moreover, similar morphologies can be produced by changes targeted on different regions of the gene network affecting morphogenesis (Salazar-Ciudad and Jernvall, 2002) . A third alternative is that we simply do not know enough of the implications of each character in the biological functions of the studied organisms. It may be probable that our failure to identify any adaptive trends in the mosaics of shared convergences result in a mixture of these three potential explanations.
Noise Pattern in Morphological Data: Why a Misleading
Phylogeny from Morphological Characters? Our results suggest that, rather than convergences, the responsible factor for the misleading tree topology obtained using the morphological matrix is the absence of structuring phylogenetic signal. Several evidences extracted from our empirical study support the hypothesis that noise (i.e., random data distribution; Wenzel and Siddall, 1999 ) is predominantly present in the data set. Potentially the best way to estimate the presence of phylogenetic signal is to look at the number and distribution of diagnostic synapomorphies along the tree (Wenzel and Siddall 1999; Mattern and McLennan 2000) . In our case, only one diagnostic synapomorphy was supplied by the whole data set in the framework of the unconstrained search (node "viverrids") and the Bremer support values were in general very low or not significant. The use of partitioned Bremer supports allows us to discard the hypothesis of low node supports as a result of conflicting phylogenetic signals, because no significantly antagonistic PBS values were found between the four data partitions. Furthermore, the length distributions of randomly distributed tree topologies (g1) for the complete matrix and each partition were not diagnostic of the presence of structuring phylogenetic signal (low g1 values, distribution pattern not clearly left-skewed). This hypothesis is also supported by the low amplitude 882 SYSTEMATIC BIOLOGY VOL. 54 (although significant) decrease in RI values induced by the constrained search and by the neutral behavior of the major part of the characters to this constraint. Finally, the fact that successive removals of convergences did not induce significant changes towards the constrained phylogeny nor from the initial tree discards the hypothesis of shared homoplasies acting as misleading characters in the unconstrained tree. It has also been suggested that the lack of phylogenetic signal may be due to a rapid diversification of the taxa examined (Mardulyn and Whitfield, 1999) . However, multiple evidences from fossil records and molecular date estimates suggest that the main lineages of feliformians, including viverrid-like taxa, diverged during a long period between ca. 40 and 20 Mya (Hunt, 1989 (Hunt, , 1991 (Hunt, , 1996 Veron and Catzeflis, 1993; Gaubert and Veron, 2003; Yoder et al., 2003) . In addition, the fact that our matrix includes a very exhaustive taxonomic sample set tempers the possibility of obtaining noise induced by incomplete taxonomic sampling (Hillis, 1996 (Hillis, , 1998 Purvis and Quicke, 1997) , although the inclusion of fossil taxa-not done here-may dramatically affect phylogenetic reconstruction and character behavior (Werdelin, 1996) . From our analysis, we suggest that low phylogenetic structuring is the result of a combination of stochastic evolutionary processes and of constraints related to phylogenetic inertia/canalization.
Density estimation function analysis of RI distribution could allow a first step towards the characterization of noise. RI values for the whole data set followed a trimodal distribution, which consisted in an assemblage of character subsets with different behaviors. Some dramatic changes in distribution patterns were induced by the constrained search, but the different partitions did not react similarly to topological enforcement. Together with the presence of numerous diagnostic synapomorphies (constrained search), this may suggest that phylogenetic signal, even weak, is present but distributed heterogeneously within the data set. Thus, noise might confuse phylogenetic reconstruction by overwhelming "true" phylogenetic structuring, and the opposition "additive signal versus averaged noise" (Wenzel and Siddall, 1999) seems not that simple. Our results also exemplify the complexity of the task when attempting to distinguish noise from signal in a composite partition (Wenzel and Siddall, 1999) . Although it remains hazardous to fix RI-based thresholds for categorizing noise (but see Zaragüeta i Bagils et al., 2002), our approach using density estimation function may be useful in identifying groups of "noisy" characters (e.g., these could be removed from the analysis each time the same character sets in both unconstrained and constrained analyses peak at 0.0).
The apparent stochasticity of morphological evolution may partly or totally arise from the subjective coding of discrete characters, hardly avoidable in morphological analysis (Stevens, 1991; Smith, 1994; Graham et al., 1998; Scotland et al., 2003) . For instance, our data matrix consists of almost 50% (171) of nonbinary characters, thus implying "discretization" made by the observer which may rend search for phylogenetic signal and hierarchic structure illusive (Pleijel, 1995; Wilkinson, 1995; Forey and Kitching, 2000; Hawkins, 2000) . In order to test for the putative misleading influence of nonbinary characters in the tree search, we ran an analysis based on a matrix restricted to the 178 binary characters. We obtained 244,930 most-parsimonious trees (552 steps; CI = 0.322; RI = 0.658), resulting in a strict consensus tree of 566 steps (CI = 0.314; RI = 0.645) that was congruent with the tree topology issued from the complete matrix, and had no significantly supported nodes other than those found in the initial analysis (data not shown). Thus, although nonbinary characters may constitute an open door to additional noise, they could not be incriminated in our case. Biased estimations of phylogenetic signal may also result from our authoritative partitioning into four data subsets, the subjectivity of partition delimitations in morphology also remaining hardly avoidable (Kluge, 1989 (Kluge, , 1997 but see McCracken et al., 1999) . We tried to follow the partitioning of Wyss and Flynn (1993) and to maintain a comparable number of characters in each partition, thus avoiding possibly misleading splitting into small subcategories. Besides, we envisaged each partition as a unit of complex interacting entities. For instance, although segregating between bulla and the other cranial bones would have been tempting, the acknowledged interaction, notably during early phases of development, between bones constituting the bulla and adjacent bones of the basicranium (Hunt, 1974 (Hunt, , 1987 Ivanoff, 2001; Peigné and De Bonis, 2003) made us opt for a conservative grouping under the single "skull" partition. In the future, the consideration of genomic-based developmental criteria for morphological character delimitations should be a crucial tool for improving the accuracy of data coding and partitioning in phylogenetic analysis (e.g., Salazar-Ciudad and Jernvall, 2002; Hlusko, 2004) .
Evolution of Complex Structures
Mapping characters on the constrained tree topology and the reconstruction of ancestral conditions using parsimony clearly suggested that complex morphological structures may not be evolutionary "reliable" (i.e., not homoplastic) entities. The ancestral trait in foot structure at the base of feliformians was infered to be plantigrady, which is in agreement with the fossil record concerning feliformians from Late Eocene-Early Oligocene (Ginsburg, 1961; Ewer, 1973) . Our analysis showed that three reversions appeared in foot structure condition, which is a strong argument against the phylogenetic stability of this functional unit (Ewer, 1973; Taylor, 1988) . Alternatively, it would be tempting to attribute an ecological association between foot structure and mode of life (Ewer, 1973; Taylor, 1976) . For instance, the Paradoxurinae, Nandinia, and Cryptoprocta are plantigrade and arboreal, whereas Fossa, Eupleres, and terrestrial civets are digitigrade and terrestrial. However, some challenging cases remain, as exemplified by the arboreal taxa Prionodon (digitigrade) and Poiana (semi-digitigrade). Adaptation to arboreality may represent secondary events in the history of these taxa, subsequent to the acquisition of plantar structures. In view of these results, the causality of the several reversions that occurred among the Viverridae and viverrid-like taxa remains unclear. At least, locomotor diversity found in Miocene fossil felids confirms the lability of foot structure (Ginsburg, 1999) .
The evolution of the external anal pouch also proved homoplastic, with Fossa and Eupleres subject to reversion ([central anal sac] → absent). The absence of the external anal pouch was infered to be the ancestral condition at the root of the feliformians, in agreement with Ewer (1973) . The evolution of perineal glands also involved homoplastic events, but linear parsimony was unable to infer unambiguous patterns of character transformation. However, the picture obtained here is likely to be improved by a more accurate coding of these structures. For instance, due to the limited material available, Galidia was coded as "?" whereas perineal glands are known to be present (they are also present in Galidictis, another mongoose-like species of Madagascar; Pocock, 1915f; WCW, personal observation). Furthermore, the phenotypic expression of perineal glands is not as conserved as it may appear from our "practical" coding (e.g., in Arctogalidia, the glands are only present in males; glands do not show the same inner structure between the terrestrial civets and genets), and standardized, exhaustive anatomical investigations of these complex structures are greatly needed. Similar to the anal pouch, the absence of perineal glands was estimated as the ancestral condition in feliformians (proposed for the Order Carnivora by Flynn et al., 1988) . From the mapping of these traits, two different developments of odoriferous system seem to have taken place during the evolution of Feliformia. The clade grouping Hyaenidae, Herpestidae and Malagasy taxa is characterized by two innovations concerning acquisition of external anal pouches (two types) but exhibit no perineal glands (Galidia excepted; see above). The clade Viverridae, its sister-group, is on the contrary characterized by the acquisition of three types of perineal glands (Poiana excepted), but does not show any structure similar to external anal pouches. Both odoriferous systems are involved in active biochemical communication (Ewer, 1973; Gorman et al., 1974; Kleiman, 1974; Wemmer, 1977; Roeder, 1980 Roeder, , 1984 , and it is remarkable that sister lineages developed two completely different structures in order to fulfill a similar behavioral function.
The reconstructed evolutionary history of tympanic bulla conformation did not suggest homoplastic events. However, the reconstruction of ancestral traits proved ambiguous at the base of the ingroup. It thus remains unclear whether the condition met in Nandinia constitutes the most plesiomorphic state in feliformians (Hunt, 1987 (Hunt, , 1998 Hunt and Tedford, 1993) or is an autapomorphy. On the other hand, it appeared clearly that the type of bulla characterizing the Felidae (type F) was derived from the symplesiomorphic conformation met in the Viverridae and Prionodontidae (type D). This is in conflict with the evolutionary hypothesis formulated by Hunt (1987) , who considered that the bulla of Nandinia approximated an ancestral feliformian morphotype from which conformations met in fossil and extant lineages could be derived. Given the symplesiomorphic condition of type D, we recommend that bulla conformation should not be used as a diagnostic criterion for recognition of Viverridae in the fossil records (contrary to Hunt, 1974 Hunt, , 1987 Hunt, , 1991 Hunt, , 1998 Hunt, , 2001 ; also see Ivanoff, 2001 ). The assertion of Flynn et al. (1988) , who suggested that the ear region of Cryptoprocta and Eupleres shared only plesiomorphies with the Viverridae (sensu stricto), cannot be evaluated because of ambiguous reconstruction.
Although this was not evidenced in all cases, we found that the evolutionary history of complex structures did involve homoplastic events (locomotion, anal and perineal glands), the causality of which remains obscure. Our evolutionary scenarios illustrate that complex structures are not forcedly submitted to irreversible evolutionary trends as has been also demonstrated for "specialized" morphologies in arthropods (DesutterGrandcolas, 1997; D'Haese, 2000) and morphological evolution in a broader perspective (Seravin, 2001 ).
CONCLUSION
Our study exemplified the need for considering independent (molecular) phylogenies in order to identify patterns of morphological homoplasy, to test the diagnostic value of complex structures, and to reconstruct evolutionary scenarios. It also demonstrated that node support needs to be estimated before pointing out the existence of conflicting topologies and drawing taxonomic conclusions. We illustrated the original, mostly nonadaptive patterns of convergence in viverrid-like taxa, and found noise conveyed by the morphological data set. Our investigations also demonstrated that noise, although difficult to characterize (notably via RI values), is troublesome in the context of phylogenetic reconstruction, at least when phylogenetic signal is heterogeneously distributed (but see Wenzel and Siddall, 1999) . We thus urge caution in using only morphological characters for reconstructing phylogenetic relationships in feliformians. Instead of increasing the number of characters (Poe and Wiens, 2000) or invoking consensus methodologies based on topologies (i.e., supertrees; Bininda-Emonds et al., 1999), we recommend that a revision concerning the definition of and analytical procedures applied to morphological characters should be envisaged. A new analytical approach may prove benefitial to the study of morphological evolution among all mammalian lineages (e.g., Lovejoy et al., 1999) . Rostrum/Palatal Region 1. Maxilla, infraorbital foramen (position of the anterior opening of the infraorbital canal): 0 = clearly anterior to the antorbital rim (i.e., long); 1 = slightly anterior to antorbital rim (i.e., short); 2 = ventral to the antorbital rim (i.e., very short). [The infraorbital canal serves for the passage of the infraorbital branch of the maxillary division of the trigeminal nerve (V) and the infraorbital branch of the maxillary artery.] 2. Maxilla, infraorbital foramen, overall size: 0 = small; 1 = large. 3. Maxilla, infraorbital foramen, shape: 0 = oval (dorsoventrally elongated); 1 = round. 4. Maxilla, infraorbital foramen: 0 = dorsal and/or posterior to the P 3 -P 4 area; 1 = dorsal to the P 3 -P 2 area. 5. Maxilla, infraorbital foramen, ventral border: 0 = posterior to dorsal border; 1 = ventral to dorsal border; 2 = anterior to dorsal border. 6. Maxilla, infraorbital foramen, ventral border, relative position: 0 = dorsal to P 3 ; 1 = dorsal to P 4 . 7. Maxilla, infraorbital foramen, dorsal border: 0 = dorsal to P 3 ; 1 = dorsal to P 2 ; 2 = dorsal to P 4 . 8. Maxilla, anterior alveolar foramen: 0 = within the infraorbital canal; 1 = within the orbit. serves for the insertion of m. buccinator which returns food from the vestibule to the masticatory surface of the teeth.] 11. Nasals, proportional dimensions: 0 = >2× as long as wide; 1 = <2× as long as wide. [Length measured at suture; width measured as widest point perpendicular to the anteriormost point of the nasal midline suture.] 12. Nasals, posterior extension between frontals: 0 = extends posteriorly to the level of the posteriormost extension of the maxilla; 1 = does not extend posteriorly to the level of the posteriormost extension of the maxilla; 2 = extends posteriorly beyond the level of the posteriormost extension of the maxilla. 13. Nasals, width: 0 = widest anteriorly and narrowing posteriorly; 1 = near parallel sides from maxilla/frontal suture; 2 = secondary widening at frontal/maxilla suture. 14. Nasals and frontals, midline depression: 0 = present in both; 1 = present in nasals only; 2 = absent (in both). 15. Maxilloturbinals: 0 = small; 1 = large and branching, excluding nasoturbinals from narial opening. 16. Frontals, inflation anterior to the postorbital processes: 0 = absent; 1 = slight; 2 = large. 17. Rostrum, dorsal profile: 0 = concave; 1 = straight (or nearly straight); 2 = convex. 18. Rostrum, 'trough': 0 = rostrum extends anterior to maxilla/premaxilla palatal suture; 1 = rostrum is retracted slightly posterior to maxilla/premaxilla palatal suture. [This is caused by the retraction of the nasals, creating a shelf so that the dorsal (internal) portion of the premaxilla, which is normally not exposed, is exposed from a dorsal view of the skull.] 19. Palate, anterior palatine foramina (= posterior palatine foramina of Crouch, 1969), relative position (de Beaumont, 1967; Qui, 1987; Wozencraft, 1989) : 0 = adjacent to P 4 -M 1 ; 1 = adjacent to P 3 ; 2 = adjacent to P 2 ; 3 = adjacent to P 1 . [This is the anterior opening of the palatine canal and serves for the passage of the palatine artery through the palatine canal (the posterior opening is in the ventral portion of the orbit).] 20. Palatine/maxilla, anterior palatine foramina: 0 = located at palatine/maxilla suture; 1 = located well anterior in the maxilla. 21. Palate, width, posterior to the canines: 0 = significantly wider than width measured at canines; 1 = nearly equal to width at canines. [Measured as the buccal width at the canines and the widest buccal width posterior to the canines.] 22. Palate, tooth rows, lingual edge: 0 = nearly parallel; 1 = divergent. 23. Palatal surface: 0 = flat or slightly concave; 1 = distinct longitudinal depression; 2 = extreme 'vaulting.' 24. Palatine/maxilla suture: 0 = medial or posterior to P 4 ; 1 = medial to P 3 -P 4 ; 2 = medial to P 3 ; 3 = medial to P 3 -P 2 . 25. Palatine, mesopterygoid palate: 0 = absent, or posterior border of the palate anterior to the posterior edge of the last teeth; 1 = present, short (width > length); 2 = present, long (width < length). [The mesopterygoid palatal region is here understood as the palatal region posterior to the last teeth, bridging the pterygoids. Length is measured as the posterior border of the palate to a line connecting the posterior edges of the last teeth. Width measured as the distance of the palate bridging the pterygoids.] 26. Palatine, relative size (excluding mesopterygoid): 0 = midline length nearly equal in length to maxilla midline; 1 = midline length less than midline length of maxilla; 2 = midline length greater than midline length of maxilla. 27. Palatine, relative size (including mesopterygoid): 0 = midline length nearly equal in length to maxilla midline; 1 = midline length less than midline length of maxilla; 2 = midline length greater than midline length of maxilla. 28. Palatine, mesopterygoid region: 0 = flat/absent; 1 = slightly concave (depressed along midline). [Serves for the passage of the nasopalatine branch of the trigeminal nerve (V), the nasal artery and the anterior septal branch of the major palatine.] 33. Premaxilla/maxilla suture (midline) (Qiu, 1987) : 0 = present; 1 = absent. Serves for the passage of the maxillary artery. [Work by Novacek (1977 Novacek ( , 1986 and Shoshani (1986) indicated that presence of the canal is primitive for this group. Flynn et al. (1988) small bump or ridge; 2 = absent; 3 = present, long; 4 = present, long, joining supraorbital process of frontal. 52. Jugal, exposure on interorbital surface: 0 = large interior exposure; 1 = predominately confined to exterior surface. 53. Lacrimal: 0 = large, extends ventral and dorsal to naso-lacrimal foramen; 1 = reduced, does not extend dorsal to naso-lacrimal foramen; 2 = reduced, does not extend ventral or dorsal to nasolacrimal foramen; 3 = large, extends dorsal, ventral and rostral to foramen. 54. Lacrimal, inferior oblique muscle fossa: 0 = separate from nasolacrimal foramen, at lacrimal/maxilla suture; 1 = separate from nasolacrimal foramen, in maxilla. The fossa serves for the attachment of the m. obliquus ventralis which rotates the eye. 55. Inferior oblique muscle fossa: 0 = single; 1 = double. 56. Orbitosphenoid, anterior "process": 0 = long, directed anterodorsally; 1 = long, directed anteroventrally, nearly reaching sphenopalatine foramen; 2 = short, directed anteroventrally; 3 = absent. 57. Orbitosphenoid, shape: 0 = reduced, oblong, restricted to area around optic foramen and the process anterior to it; 1 = irregular, with wing directly dorsal to optic foramen. 58. Orbitosphenoid, sphenorbital fissure size: 0 = less than two times the size of the foramen rotundum; 1 = more than three times the size of the foramen rotundum; 2 = smaller than the size of the foramen rotundum. 59. Maxilla, intraorbital wing: 0 = absent/vestigial; 1 = present (small). 60. Maxilla, posterior border of zygomatic process: 0 = at plane posterior to P 4 -M 1 ; 1 = at plane of P 4 -M 1 . 61. Maxilla, anterior edge of orbit: 0 = posterior to P 3 -P 4 ; 1 = at the plane of P 3 -P 4 ; 2 = anterior to P 3 -P 4 . 62. Maxilla, orbital process: 0 = expanded in orbital region and forming a horizontal shelf; 1 = not expanded in orbital region. [The maxilla expands outward in a horizontal plane in the rostral border of the orbit to form a triangular expansion ventral to the lacrimal.] 63. Palatine, orbital process: 0 = not expanded in orbital region; 1 = greatly expanded in orbital region and forming a horizontal shelf. 64. Palatine, sphenopalatine foramen: 0 = near equal in size to palatine canal; 1 = less than two times the size of the palatine canal; 2 = greater than twice as large as the palatine canal. [Serves for the passage of the sphenopalatine branch of the trigeminal nerve and the sphenopalatine artery.] 65. Palatine, location of the sphenopalatine foramen (= orbitonasal foramen of Butler, 1948 ; sphenoid foramen of Novacek, 1986) Squamosal 81. Squamosal, postglenoid foramen (Hough, 1948; Neff, 1983; Flynn et al., 1988) : 0 = present, lateral to bullae on medial edge of the infrasquamosal fossa; 1 = vestigial/absent. listed '1' as the synapomorphy for all Feliformia. Neff (1983) reported it as 'reduced' in viverrids and herpestids and absent in felids and hyaenids.] 82. Squamosal, postglenoid process: 0 = closely appressed to auditory bulla; 1 = adjacent to auditory bulla; 2 = well separated from auditory bulla. [Reference point is posteriormost surface of glenoid fossa.] 83. Squamosal, infrasquamosal fossa: 0 = present, narrow; 1 = present, wide; 2 = absent. [The infrasquamosal fossa is the portion of the ventral face of the squamosal that is anterolateral to the external auditory meatus.] 84. Squamosal, lateral extension: 0 = both 1 and 2; 1 = expanded laterally, only dorsal to the external auditory meatus connecting the mastoid region with the zygomatic arch; 2 = expanded laterally and only dorsal to the mastoid; 3 = absent.
Ectotympanic
85. Ectotympanic/entotympanic division: 0 = not externally visible; 1 = externally visible, without clear suture; 2 = externally visible, with clear suture. [In the viverrids, the point of contact between the two elements is marked by an inbending of the plates of bone.
In the other feliforms, although one can detect the point of contact, it is because of structural differences.] 86. Ectotympanic, ring, medial expansion (Hunt, 1987; Neff, 1983) : 0 = moderate inflation and/or chambering; 1 = slight chambering or inflation; 2 = extremely large. 87. Ectotympanic, ring, lateral expansion (external auditory meatus) (Hunt, 1987; Neff, 1983) : 0 = a simple 'C' shaped ring with no significant lateral expansion; 1 = bowl; 2 = lateral outgrowths along rim nearly or completely meet along midline, forming flattened extension; 3 = meatal tube formed that scrolls anteriorly lateral to most lateral part of ectotympanic ring. 
Entotympanic
96. Entotympanic, relative inflation (Hunt, 1987) : 0 = depth greater than ectotympanic ring; 1 = depth approximately equal to ectotympanic ring; 2 = entotympanic covered by ectotympanic, chambered; 3 = entotympanic not inflated. 97. Entotympanic, ventral pseudoseptae: 0 = absent; 1 = present. 98. Entotympanic, septum: 0 = anterior/posterior orientation; 1 = medial/lateral orientation; 2 = absent. 99. Entotympanic, septum: 0 = absent; 1 = present. [Hunt (1987) contrasted Nandinia with no true internal septum to other feliforms. This refers to the entotympanic septum that developes from the ventral edge of the caudal entotympanic. Not homologous to the canid septum that develops from the dorsal edge (Hunt, 1987) . Flynn, et al. (1988) listed the presence of a bilaminar septum as a synapomorphy for the feliforms (excluding Nandinia).] 100. Entotympanic, carotid canal, posterior opening : 0 = confluent with posterior lacerate foramen; 1 = clearly anterior to posterior lacerate foramen; 2 = absent (carotid canal absent). 101. Entotympanic, course of the internal carotid: 0 = perbullarbetween petrosal and basioccipital; 1 = perbullar-enclosed in entotympanic; 2 = transpromontorial groove in the entotympanic; 3 = transpromontorial. [Hunt (1987) coded herpestids and canids with a perbullar course of the internal carotid and felids, hyaenids, and viverrids with a transpromotorial course of the internal carotid.] 102. Entotympanic ossification: 0 = ossified; 1 = unossified (i.e. Nandinia). listed '0' as a synapomorphy for the Carnivora.] 103. Entotympanic, rostral (Hunt, 1987) : 0 = "athictic" entotympanic intervenes between ectotympanic and rostral entotympanic; 1 = "bradynothictic" entotympanic intervenes between ectotympanic and rostral entotympanic only in juveniles; 2 = "thictic" caudal entotympanic does not intervene between ectotympanic and rostral entotympanic. [Hunt (1987) established polarity on this feature on the ontogenetic growth sequence. He acknowledged that the athictic condition should be primitive based on outgroup comparison. Flynn et al. (1988) listed the presence of rostral entotympanic as a synapomorphy for the Carnivora.] 104. Entotympanic, lateral expansion: 0 = no lateral expansion; 1 = lateral expansion predominately posterior to fenestra cochlea; 2 = lateral expansion extends directly lateral/anterolateral to fenestra cochlea. 105. Entotympanic, anterior extension: 0 = large inflated anterior projection; 1 = small anterior extension; 2 = anterior extension restricted to tube. 106. Entotympanic, antero-medial extension: 0 = entotympanic not expanded in antero-medial direction; 1 = extension to the level of the meatus; 2 = extension far forward the meatus. 107. Entotympanic, carotid canal, anterior opening: 0 = horizontal; 1 = vertical.
Petrosal
108. Petrosal, laterally directed mastoid pocket, middle ear cavity (Hunt, 1987) : 0 = absent; 1 = present. 109. Petrosal, ventral promontorial process (Hunt, 1987) : 0 = vestigial/absent; 1 = present, small; 2 = present, large. 110. Petrosal, posteromedial extension (Hunt, 1989) : 0 = very large, with only a small space separating the petrosal from the occipital; 1 = large, with a moderately larger space separating the petrosal from the occipital; 2 = small, with a large space separating the petrosal from the occipital; 3 = very small, with an extremely large space separating the petrosal from the occipital. 111. Petrosal, mastoid, petramastoid ridge: 0 = absent; 1 = present.
[Origin of m. digastricus which opens the mouth. This ridge of mastoid connects the paroccipital process with the mastoid pro- (Neff, 1983; Hunt, 1987; Flynn et al., 1988) : 0 = long, cupped around posterior edge of entotympanic and extends ventrally; 1 = long, separate, protrudes posteriorly; 2 = short, cupped around posterior edge of entotympanic and does not protrude ventrally; 3 = very short, does not cover posterior surface; 4 = very short, not cupped around posterior edge of entotympanic, and protrudes posteriorly but does extend ventrally.
[Origin of m. jugulohyoideus that draws the hyoid caudad.] 123. Paroccipital process, width (Petter, 1974; Veron, 1995) : 0 = paroccipital process narrow and not covering all the posterior surface of the mastoid; 1= paraoccipital process very wide and covering all the posterior surface of the mastoid, so that the mastoid can not be seen in a caudal view of the skull.
Ossicles
124. Ossicles, malleus, anterior (long) process: 0 = present, long; 1 = present, short. 125. Ossicles, malleus, processus gracilis and anterior lamina: 0 = well developed; 1 = reduced. 126. Ossicles, malleus, head: 0 = 2 facets; 1 = 3 facets. 127. Ossicles, malleus, head articulation surface, upper facet: 0 = convex; 1 = flat.
Basicranium (Other Parts)
128. Presphenoid, shape: 0 = long narrow ridge; 1 = wide, flat. 129. Vagina processus hyoideus: 0 = confluent with stylomastoid foramen (giving the appearance of one foramen); 1 = slightly separate from stylomastoid foramen.
Auditory Bullae-General
130. External auditory meatus, dorsal wall: 0 = ectotympanic; 1 = squamosal. 131. Internal carotid artery (Neff, 1983) : 0 = large; 1 = small; 2 = vestigial/absent. 132. Arterial circulation, intracranial rete (Bugge, 1978) : 0 = absent; 1 = present. 133. Arterial circulation, major a1 arterial shunt (Bugge, 1978) : 0 = present; 1 = absent. 134. Arterial circulation, major a4 arterial shunt (Bugge, 1978; Neff, 1983; Wozencraft, 1989) : 0 = absent; 1 = present, intracranial rete. 135. Arterial circulation, major anastomosis 'X' (Bugge, 1978; Wozencraft, 1989) : 0 = present; 1 = vestigial/absent. 136. Arterial circulation, major anastomosis 'Y' (Bugge, 1978; Wozencraft, 1989) : 0 = absent; 1 = present. 137. Arterial circulation, major a2 arterial shunt (Bugge, 1978; Wozencraft, 1989) : 0 = absent; 1 = present, intracranial rete. 138. M. sternomastoideus and m. cleidomastoideus fossa (location): 0 = principally on mastoid; 1 = on squamosal and mastoid; 2 = principally on squamosal; 3 = principally on entotympanic bullae. 139. Sternomastoideus and cleidomastoideus fossa: 0 = vestigial/reduced; 1 = pronounced. 140. Bullar configuration (Hunt, 1987) : 0 = anterior migration of entotympanic beneath ectotympanic; 1 = no change during ontogeny; 2 = restriction of entotympanic to posterior auditory region, septum bullae transverse or inclined; 3 = greater restriction of entotympanic to posterior auditory region. 157. C 1 , shape: 0 = conical, recurved; 1 = dagger like, straight. 158. P 1 : 0 = present; 1 = present in young adults, but lost in many old individuals; 2 = absent. 159. P1/1, relative size: 0 = small, less than half the size of P2/2 or absent; 1 = small, < P2/2, but more than state "0"; 2 = approximately equal to P2/2. 160. P 1 , number of roots: 0 = 1 root or tooth absent; 1 = 2 roots, completely or partially fused. ridge; 1 = present, wide shelf; 2 = absent. 215. dP 3 , number of accessory posterior cusps: 0 = 1; 1 = 2; 2 = 3; 3 = 0. 216. dP 3 talonid: 0 = present; 1 = absent. 217. dP 3 , lingual cusp: 0 = present, large; 1 = absent; 2 = present, small. 218. dP 4 , buccal lobes: 0 = slightly asymmetrical; 1 = strongly asymmetrical; 2 = symmetrical. 219. dP 3 , accessory lingual cusp: 0 = absent; 1 = present. 220. Mental foramina: 0 = more than one; 1 = one only. 221. P 4 , anterior accessory cusp: 0 = absent; 1 = smaller than posterior; 2 = about equal to posterior; 3 = larger than posterior.
POSTCRANIUM
Vertebral Column
222. Atlas, transverse process, posterior extension: 0 = to the level of the caudal articular surface; 1 = slightly posterior to the caudal articular surface; 2 = considerably posterior to the caudal articular surface. [M. levator scapulae attaches to the transverse process and serves to pull the scapula forward.] 223. Atlas, alar and atlantal (intervertebral) foramen: 0 = alar foramen not complete, notch present; 1= alar foramen complete, widely separate from atlantal foramen; 2 = alar foramen complete, closely adjacent to atlantal foramen in common groove. 224. Atlas, ventral arch, length: 0 = equal to or shorter than dens of axis; 1 = longer than dens of axis. 225. Atlas, transverse foramen (vertebral artery), posterior opening: 0 = on dorsal surface; 1 = caudal. 226. Axis, cranial articular processes and ventral surface of dens (odontoid) process: 0 = discrete surfaces; 1 = one continuous surface. 227. Axis, spinous process: 0 = with a relatively flat dorsal profile; 1 = with a convex profile. 228. Axis, caudal spine of spinous process: 0 = absent; 1 = present, short; 2 = present, long. 229. Axis, ventral 'keel': 0 = present, small; 1 = absent/vestigial; 2 = present, large. 230. Cervical vertebrae, ventral keel on vertebrae 6 and 7: 0 = vestigial/absent; 1 = present. 231. Sacral vertebrae, spinous processes: 0 = separate processes; 1 = fused together into one straight 'keel.' 232. Tail: 0 = much shorter than head-body length (15-40%); 1 = shorter than head-body length (40-85%); 2 = approximately equal to head-body length (85-105%); 3 = much longer than headbody length (>105%); 4 = vestigial (0-15%).
Thoracic Skeleton
